PET is an appropriate method to display the functional activities in target tissue using many types of traces. The visual assessment of PET images plus the semiquantitative parameter (SUV) are the main diagnostic standards considered in identifying the malignant lesion. However, these standards lack occasionally the proper specificity and/or sensitivity. That emphasizes the importance of considering supplemental diagnostic criteria such as the kinetic parameter. The latter gives the way to image the ongoing metabolic processes within the target tissue as well as to identify the alterations occurring at the microscale level before they become observable in the conventional PET-imaging. The importance of kinetic analysis of PET imaging has increased with newly developed PET devices that offer images of good quality and high spatial resolution. In this paper, we highlighted the potential contribution of kinetic analysis in improving the diagnostic accuracy in intracranial tumour, lung tumour, liver tumour, colorectal tumour, bone and soft tissue tumours, and prostate cancer. Moreover, we showed that the appropriate therapy monitoring can be best achieved after considering the kinetic parameters. These promising results indicate that the kinetic analysis of PET imaging may become an essential part in preclinical and clinical molecular imaging as well.
Introduction
In clinical practice the visual evaluation of PET finding in addition to the semiquantitative parameter (SUV) are the main criteria in delineation of tumor focus. Indeed the uptake measured in the static imaging is a consequence of multiple succeeding miniprocesses that may be exposed by the kinetic analysis of dynamic PET acquisition. That occurs via a sophisticated program depending on complex mathematical relations.
In the different PET technologies, the ultimate uptake of radiopharmaceutical consists of a set of reaction pathways with corresponding rate coefficients and reverses rate coefficients. The dynamic PET against static PET may demonstrate these reactions after the kinetic analysis, offering the best methodology to understand the uptake mechanism for various clinical and research applications. The background of kinetic analysis of PET imaging depends on suggestion that the target tissue consists of multiple, homogeneous mixed compartments. The resulting rate constants represent the interactions that occur between these compartments including the simple transport and the chemical reforming.
This technique enables to understand the tracer distribution in the target tissue and to have idea about the metabolic processes occurring at the molecular level, which may be of high clinical value. For example, the knowledge of elementary reactions may contribute in differentiation between the different tissue types, which share a radiopharmaceutical affinity. Furthermore, the therapy via this method can be better and sooner monitored by observing the micro-alterations rather than depending on sole observing of uptake modification.
The increased glycolysis in the most malignancies makes 18 F-FDG-PET the most common diagnostic method used in tumor imaging. After intravenous injection, 18 F-FDG will be transferred across the cell membrane by sodiumindependent, facilitative glucose transporters. These transporters are overexpressed in tumor cells [1] . After entering the cell the 18 F-FDG and glucose will be phosphorylated by hexokinase to 18 F-FDG-6 phosphate. The fluorine atom in 18 F-FDG-6-phosphate prevents it to be further metabolized in the glycolytic pathway [2] . That leads to trapping of 18 F-FDG-6 phosphate and firm continuing accumulation in tumor cells. These microprocesses as well as the possible affecting factors can be demonstrated and assessed quantitatively via kinetic analysis of PET acquisition.
The increased glycolysis is not the sole key factor in PET imaging. In practice, there are many radiopharmaceuticals differing according to the dominant metabolic alteration in the target tissue. In prostate cancer for example the role of 18 F-FDG-PET is limited since the glycolysis is very low unless in PCA with high Gleason score. Here the observed overexpression of fatty acid synthesis and the over production of choline kinase was clinically of value by using tracer labeled choline in the PET imaging as alternative choice. The kinetic feature of choline uptake was also reported in similar way to FDG kinetic [3] [4] [5] [6] [7] .
The performing of dynamic acquisition is an essential condition in accomplishing the kinetic analysis. The period of the dynamic phase varies in relation to the used tracer. In general, this period is required to cover all metabolic processes of the applied tracer and may take up to 1.5 hours. This seems unpractical to be applied routinely to the patients referred for common clinical investigations and minimizes surely the total number of patients may be tested per day. Strauss et al. [8] found that a shortened acquisition protocol may predict the kinetic parameters of the 2-tissuecompartment model in 18 F-FDG-PET, which means we can theoretically dispense the 1 hour dynamic phase. However there is no more data about the possibility to abbreviate the dynamic phase in other PET applications.
The measurement of input function is an essential part in performing the kinetic analysis. That requires theoretically serial of arterial blood sampling and poses another technical problem we may face in the practice. However, the input function can be retrieved from the image data with good accuracy [9] . So the absence of accurate measurement of the input function may be compensated with drawing a VOI consisting of many ROIs over an arterial vessel in the field of view.
The choosing of the appropriate model which is supposed to relate to the applied tracer is another important issue should be focused on for a correct kinetic analysis. Two compartment model is a feasible model and used mostly to describe the kinetic features of 18 F-FDG uptake.
In this model, we assume that the tissue is combined of two homogeneous mixed interacting compartments. The rate constants k 1 and k 2 refer to, respectively, forward and reverse transport of tracer across the membrane, whereas k 3 and k 4 refer to metabolism and reverse metabolism of the entering tracer respectively, for example phosphorylation and dephosphorylation for 18 F-FDG. The global influx of the tracer can be retrieved from the previous kinetic parameters according to the formula: influx = (k 1 ×k 3 )/(k 2 + k 3 ). Vascular fraction (VB) considers the blood activity within the target area. The unit for rate constants k 1 -k 4 is 1/min, whereas VB is a relative measure. Details about the compartment models are described by Burger and Buck [10] .
In the past few years, the kinetic analysis of PET imaging showed an increasing value in the tumor diagnosis as well as in tumor therapy through providing additional indicative parameters. In therapy monitoring, many authors showed the benefit of kinetic analysis of anticancer drugs after labelling with radionuclide in measuring the specific therapeutic effect [11] . This value brings to light the feasibility of applying the kinetic analysis to the dynamic acquisition which is performed routinely such as in prostate cancer. Here a dynamic phase is performed for better assessing of the prostate bed before the arrival of the eliminated radioactivity in the bladder. This dynamic phase can be further evaluated through kinetic analysis to extract additional parameters may serve for diagnostic purpose.
Our aim in this paper was to summarize the results of the most published kinetic PET studies using different tracers to demonstrate to which extent the kinetic analysis of PET imaging may play a clinical role in increasing the diagnostic accuracy.
The additional purpose was to illustrate the potential value of kinetic analysis in the therapy monitoring.
Kinetic Analysis of PET Imaging in
Intracranial Tumours Using Different Tracers [12] tried in their study on nineteen patients with supratentorial gliomas to investigate whether the acquisition at the late time point may help in distinguishing the glioma from the gray matter. The patients were imaged twice, once from 0 to 90 min and once again from 180 to 480 min after injection. They found visually an improvement in tumor uptake compared with the gray matter as well as in the semi-quantitative assessment. They tried to explain their results via kinetic analysis of the uptake using a 2-compartment, and thereby they were from the first who pointed out the importance of kinetic analysis in brain tumours. They found that k 4 in the tumor tissue is significantly lower than in normal tissue at the late time point. For this reason the degradation of FDG-6-phosphate and thus the elimination of 18 F-FDG from normal tissue at the delayed time point will be relatively more than from the tumor tissue, which leads in turn to an increase in the tumor contrast.
Kawai et al. [13] evaluated the kinetic of 18 F-FDG uptake in 7 patients with histoligically conformed primary central nervous system (CNS) lymphoma. The tumor uptake value was significantly higher than uptake in the normal cortex (in the control patients). That was explained after considering the kinetic data through the significant increase of the phosphorylation in tumor tissue, while the transport rate did not show a significant discrepancy. Similar results were reported by Nishiyama et al. [14] . They found that kinetic analysis of dynamic 18 F-FDG-PET may help in the diagnosis of the CNS lymphoma and in therapy monitoring as well.
In patients with head and neck cancer, where the FDG-PET is the most applied imaging modality [15] , Huang et al. [16] found that the five-parameter kinetic model was the best kinetic model to characterise the FDG metabolism. Anzai et al. [17] revealed in their study on 15 patients with recurrent heads and neck cancers that the considering of the kinetic data in addition of SUVs improve the reliability of tumor detection.
In 2012, Huang et al. [18] found in their study on forty patient with newly diagnosed nasopharyngeal tumours that the intratumoral heterogeneity of FDG correlates considerably with tumor aggressiveness. That shows the importance of fractal dimension, which is a non-compartmental kinetic parameter to assess the heterogeneity of radiopharmaceutical with further advantage that it is no need of the input function [19, 20] . This may be added to the reasons of kinetic analysis of PET imaging in patient with nasopharyngeal tumors.
Kinetics of Amino Acid PET Tracers.
The clinical use of amino acid PET Tracers such as 11 C-methionine, 18 F-fluoroethyl-tyrosine (FET) and fluorine-18-dihydroxyphenylalanine ( 18 F-DOPA) has increased remarkably in brain tumors diagnosis taking into consideration the shortcoming of 18 F-FDG-PET [21] [22] [23] . Chen et al. showed that 18 F-DOPA PET was superior to 18 F-FDG-PET in imaging of low-grade tumors and recurrent tumors [24] .
About the uptake mechanisms, which is important in explaining the kinetic date, Ishiwata et al. [25] showed that after entering the tumor cell the amino acids get involved in protein synthesis through multiple anabolic and catabolic processes. However, the transport according to Ishiwata et al. is the main event affecting the PET signal and the other processes are far to be demonstrated during the short time of PET acquisition.
In 2007, the kinetic analysis of 18 F-DOPA uptake in brain tumors was first reported by Schiepers et al. [26] after performing a 75 min dynamic acquisition using compartmental modeling. They included a total of 37 patients with different grading of brain tumors and compared the kinetic data of tumour tissue with that of neighbouring striatum. They found out that 18 F-DOPA in tumours was only transported without trapping, unlike the case in the striatum. Moreover they found that the form of the uptake curve relates to the tumor grade, which in their opinion may be helpful in distinguishing the high-grade tumors from lowgrade tumors.
Kinetics of Hypoxia PET Tracer.
PET tracer to image hypoxia such as 18 F-Fluoromisonidazole (FMISO) was shown to be of value in brain tumors. In 2006 Cher et al. [27] showed in their study on 17 patients that 18 F-FMISO-PET assesses effectively the hypoxia in gliomas. Moreover they found that this method is valuable in monitoring the targeted hypoxic therapies. Thorwarth et al. [28] described in 2005 an method to quantify the tumor hypoxia in the head and neck tumor based on kinetic analysis of dynamic 18 F-fluoromisonidazole PET using two compartment model. They found that the assessment of hypoxia depending on kinetic data is more reliable than that derived from static standardized uptake values (SUV). They explained this superiority for the reason that the tissue with intensive hypoxia and necrosis show a low uptake in the static images.
Thorwarth et al. [29] studied the kinetic of FMISO in 15 patients with advanced stage head and neck cancer prior to radiotherapy by performing 60 min dynamic acquisition. They found high correlation between the kinetic parameters and the therapy outcomes.
In a study by Shi et al. [30] in patients with advanced head and neck tumors using another hypoxia tracer 18 Ffluoroazomycin arabinoside ( 18 F-FAZA), it was found that kinetic modeling may provide different information from static measurements.
In the framework of developing the kinetic analysis, Hong et al. [31] described in their trial on rat ischemic stroke using micro-PET with [ 18 F]fluoromisonidazole a method for more accurate calculation of kinetic parameters. Wang et al. [32] applied mathematical phantom studies to provide a guidance in clinical dynamic FMISO-PET studies.
Kinetics of Somatostatin Receptor-PET Tracer ( 68 Ga-DOTA-TOC).
The role of 68 Ga-DOTA-TOC in the intracranial tumors in particular meningioma was reported by Henze et al. in 2001 [33] . They described very promising results even in the small meningiomas. The kinetic analysis of uptake of 68 Ga-DOTA-TOC gains importance because thereby the receptor binding can be assessed. Henze et al. [34] described the kinetic model of 68 Ga-DOTA-TOC in 21 patients with meningiomas. By that they explained the high uptake through high values of vascular fraction (VB) and low values of k 2 and k 4 . This model in their opinion provides a sufficient description of the biologic features of meningiomas and may offer the basis for monitoring the radiotherapy. 18 F-fluorothymidine-PET (FLT) has been used in PET tumour imaging as biomarker for cellular proliferation. According to our knowledge, Jacobs et al. [35] were the first who described the kinetic modeling of FLT on 14 patients with glioma of different grades. They found the FLT uptake is fundamentally due to the increased transport. Moreover they found that the contribution of phosphorylation in the uptake increases with the tumour grade. One year later Muzi et al. [36] compared the kinetic results with MR images of blood-brain barrier (BBB) breakdown assessed by gadolinium contrast enhancement. They found that the transport dominates particularly in tumour with BBB breakdown.
Kinetic of PET Tracer Indicative for Cellular Proliferation (Thymidine).
The relationship between tumor grading and the kinetic parameters was described by Schiepers et al. [37] in studying the kinetic of FLT in patients with different grade of brain tumour using a three-compartment model. Also they found that the kinetic parameters correlate with the clinical follow up, so the tumour processing may be to some extent estimated in view of the kinetic results.
After specific antiproliferation therapy, Bradbury et al. [38] described in trails on glioma-bearing mice after performing 60 min dynamic FLT-PET a promising role of kinetic analysis in the reliable assessment of cellular proliferation and therapy monitoring.
Similar results were reported by Schiepers et al. [39] . They pointed out the value of kinetic modeling in the monitoring of bevacizumab and irinotecan therapy in patients with recurrent high-grade glioma. They performed 1 h dynamic FLT-PET study at baseline, after 1 course and at the end of therapy. They showed a significant drop in SUV which was correlated with the influx rate. This correlation in their opinion approves the possibility of response monitoring simply by observing the uptake alterations. However, in a more recently published study, Wardak et al. [40] demonstrated a rather conflicting results. They found that the changes in the single parameters or SUV are not sufficient to the precise evaluation of the therapy and the optimal prediction of therapy outcome required the considering of a set of 18 F-FLT kinetic parameters. That was in their study on 18 patients with recurrent high-grade glioma after performing a three 1 hour dynamic FLT-PET; at the baseline; 2 and 6 weeks after the treatment.
Kinetic Analysis of PET Imaging in Lung Cancer
The diagnostic role of FDG-PET in lung cancer is well known. This role may be extended beyond tumor detection to the discrimination between the different histological types of lung cancer. This further benefit can be achieved using the kinetic analysis of 18 F-FDG-PET. In 2011, Tsuchida et al. [41] described the importance of kinetic analysis of PET in differentiation between the histological subtypes of lung cancer in their study on 44 patients with histological confirmed lung caner including squamous cell carcinoma, well-differentiated adenocarcinoma and poorly/moderately differentiated adenocarcinoma. They demonstrated that both k 1 and k 3 differ significantly among the 3 groups, with highest values in SCC and lowest in well-differentiated adenocarcinoma. That was attributed to the differences in glucose transporter concentration and hexokinase activity between tumour types. Torizuka et al. [42] suggested in their study on 19 patients with non-treated lung cancer after kinetic analysis of dynamic 18 F-FDG-PET that phosphorylation rate is maybe not crucial for 18 F-FDG accumulation, given that they found a poor correlation between the k 3 (phosphorylation rate) and SUV.
Regarding the other tracer may be utilized in lung tumor diagnosis, Juhász et al. [43] showed using the kinetic analysis a high transport and metabolism of tryptophan in lung tumours with higher proliferation rates. Accordingly they suggested that (AMT) alpha-methyl-tryptophan-PET may be of clinical value in lung cancer in particular in monitoring of immunopharmacotherapy. Muzi et al. [44] studied the kinetic of fluorothymidine (FLT-PET) using two compartment model with blood sampling in seventeen patients and showed that FLT flux retrieved from the kinetic analysis was correlated with the in vitro measures of tumour proliferation done after surgical resection of tumours.
The clinical benefit of the kinetic analysis in PET was not only demonstrated in the diagnostic field of lung cancer but also in the therapy. For example the kinetic of the mediation used in the chemotherapy leads to a more accurate assessment of molecular distribution within the tumour tissue. Van Der Veldt and co-authors [45] studied in 2011 the kinetic modeling of docetaxel after labelling with 11 C in 34 patients with lung cancer. They found that the heterogency in 11 C-docetaxel kinetics in lung tumours may be an indication of difference of sensitivity to docetaxel. They showed that the tumours with a high influx value had a significantly better response than tumours with a lower influx value. Moreover they revealed that the pretherapy with dexamethason is of significant effect on the kinetic model of docetaxel.
In the literature there are many similar studies, which exhibit the importance of studying the pharmacokinetic of anticancer drugs after labelling with radionuclide in a better therapy assessment [11] . The same issue was discussed elsewhere in this paper by assessing the fluorouracil kinetic in the colorectal tumours using PET technique.
Kinetic Analysis of PET Imaging in Liver Tumours
In hepatocellular carcinoma (HCC) imaging, the role of 18 F-FDG-PET is limited except in patients with poorly differentiated HCC [46] . Yet after using the kinetic analysis of dynamic PET this limitation may be overcome. In 1999, Okazumi et al. [47] pointed out the importance of kinetic modeling in distinguishing the HCC from the normal tissue in their study on a population of 35 patients after performing 60 min dynamic PET studies. They compared the kinetic results with the hexokinase activity in the excised tumour samples and found that k 3 reflects tumour hexokinase activity and with a certain cut off value it is possible to distinguish benign and malignant tumours; furthermore even the degree of differentiation of HCC can be assessed considering the rate constant k 3 and k 4 . Moreover, they found that after therapy the k 3 drop corresponds with the therapy efficacy, for this reason the kinetic analysis seems to offer an extra advantage in the therapy monitoring.
Choi et al. [48] showed that the state of dietary affects significantly the hepatic FDG kinetics in their study on 10 normal volunteers who underwent two PET studies once after fasting and once again after oral consumption of dextrose. In their study, the fasting was better for the tumourto-background contrast.
In patients with liver metastases, Messa et al. [49] showed that the parametric images extracted from the kinetic data can contribute in increasing the contrast against the normal liver tissue. Moreover they showed that the higher levels of glucose-6-phosphatase in normal liver tissue compared with liver metastases resulted to higher values of k 4 and thereby an increased elimination of radioactivity from normal tissue. This result mimics the results of Spence et al. [12] in patients with supratentorial gliomas.
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About the kinetic study of another tracer may be applied in liver tumour diagnosis, Chen et al. [50] described in 2004 the kinetic model of 11 C-acetate uptake in HCC using 3 compartment model and pointed out its importance in HCC imaging. They described in another study [51] a noninvasive method of quantification of the sole portal and arterial contribution to the whole blood supply depending on the 11 C-acetate kinetic model extracted after performing 10 min dynamic PET. They showed that this assessment lead to a better understanding of blood supply mechanism in the liver and may help in the early detection of liver tumour.
Kinetic Analysis of PET Imaging in Colorectal Tumours
The role of 18 F-FDG-PET in detecting the colorectal cancer is well known. However the visual assessment of PET finding besides the semiquantitative analysis may lack the required accuracy. Strauss et al. [52] were among the first who showed the superiority of kinetic analysis of 18 F-FDG-PET over the visual assessment in colorectal tumours. In 2007, they included 22 patients with colorectal tumor prior surgery who underwent a 60 min dynamic PET studies. They found that the kinetic analysis may help in differentiation of primary colorectal tumours from normal tissue. Moreover they revealed that kinetic analysis of primary tumor may predict the presence of the distant metastases. In 2008, Strauss et al. [53] compared the kinetic data with the gene expression (assessed by gene arrays on tissue samples) in 25 patients with colorectal tumors. They found that the kinetic model in particular k 1 was correlated with the expression of the angiogenesis-related genes. In the same topic and more recently Strauss et al. [54] showed in their study on 25 patients that FDG kinetics model in particular the parameters for the transport (k 1 ) was related with the genes of proliferation, which means that the biological behaviour including angiogenesis and cellular proliferation may be predicted in the light of kinetic data.
The role of kinetic analysis of PET imaging in colorectal tumours goes beyond the improving of diagnostic accuracy to the accurate planning of radiotherapy. In 2009, Buijsen et al. [55] investigated the role of 18 F-FDG-PET compared with MR in the accurate definition of target volume before the radiotherapy in twenty-six patients with rectal cancer. The patients underwent surgical removal of the tumour within 3 days after RT. The authors found that the PET-based tumour volume was better correlated with the surgical sampling. However, the accurate definition of target volume using PET might be affected by the choosing the threshold level. That was discussed by Ford et al. in their study on patients with head and neck tumours [56] . As possible resolution of this shortcoming, Janssen et al. [57] tried using dynamic PET to develop a method for tumour delineation derived from time-activity curve; they had promising results and suggested further researches to validate the possible superiority of tumour delineation based on dynamic PET analysis.
The role of kinetic analysis should be also mentioned in the therapy monitoring. In 2003, Bading et al. [58] suggested in their study in rats using 18 F fluorouracil that the kinetic analysis using compartmental modeling provide very useful quantitative information about 5-FU (fluorouracil) metabolism within the tumour, which may help in predicting the tumour response to 5-FU. This value was pointed out in a more recent study done by Strauss et al. [59] . They assessed using dynamic PET studies the chemotherapeutic effects of the FOLFOX protocol (fluorouracil, folinic acid, oxaliplatin) in mice implanted with a human colorectal cell. They showed that even one therapy may affect the FDG kinetics, which was important to identify the tumours with a rash chemotherapeutic effect.
Dimitrakopoulou-Strauss et al. [60] showed in their study on 28 patients with metastatic colorectal cancer, that the combination of SUV in the static imaging with FD (fractal dimension) retrieved from the kinetic analysis provide the best results in monitoring of chemotherapy. They showed in another study on 25 patients also with metastatic colorectal carcinoma after receiving FOLFOX chemotherapy, that the combination of kinetic parameters provided prognostic aspects in classifying the patients into a short or long survival class [61] .
Kinetic Analysis of PET Imaging in Bone and Soft Tissue Tumours
Clinically, it is of special value in case of bone lesion first to exclude the malignancy, because the following procedure is totally different according to the results. The role of 18 F-FDG-PET in detecting and staging the bone tumors was described in many studies, even the prediction of the nature of bone lesion and discrimination between the different bone lesions can be achieved based on the absolute SUV value [62] [63] [64] . Schulte et al. [62] reported an accuracy of 81.7% for malignancy with a cut-off SUV level of 3.0. However, this method faces a major limitation because of the significant overlap between the benign and malignant lesions. To overcome this difficulty, some authors suggested a dual time point acquisitions as a potential procedure to distinguish the malignant lesion from the benign lesions [65] . In this critical topic the importance of kinetic analysis of FDG is emphasized, Dimitrakopoulou-Strauss et al. showed the importance of kinetic analysis in differentiation between benign and malignant bone tumor [66] . They showed in their study on 83 patients with malignant and benign lesions, that the combination of SUVs and the kinetic parameters revealed a sensitivity of 75.86% and specificity of 97.22% in distinguishing the malignant lesion from benign lesion versus sensitivity 54.05% and specificity of 91.30% when depending only on SUV values.
The additional benefit of the kinetic modeling is in identifying some bone lesions such as giant cell tumor (GCT) through illustrating the special kinetic properties. This tumor is characterized with high FDG accumulation in spite of the benign nature. That was attributed to the enhanced vascular fraction and increased 18 F-FDG transport according to the kinetic study reported by Strauss et al. [67] . The authors showed also a close association of quantitative 18 F-FDG results and the expression of angiogenesis genes.
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The knowledge of these special features of GCT is of clinical benefit in avoiding the confusion with other malignant tumors, since the both may demonstrate a high FDG uptake in the static images.
In this regard, it is worth mentioning that kinetic analysis of 18 F-FDG-PET in assessing the perfusion and volume of distribution in GCT mimics the analysis of dynamic contrast-enhanced MRI. Here GCT was also shown to have a high vascular distribution and analogous to that in malignant tumors [68] .
In assessing the soft tissue tumours, 18 F-FDG-PET faces the same limitation when depending on the sole visual assessment and the semiquantitative evaluation using SUV. Because this assessment may lead to false negative in the low grade malignancy. The clinical benefit of PET kinetic analysis was discussed by Dimitrakopoulou-Strauss et al. [69] in 2001; they included 56 patients with malignant and benign tumors and applied the kinetic analysis after performing a 60 min dynamic acquisition. They showed that the differentiation between the different soft-tissue tumors with different grading was best achieved by using the kinetic parameters in addition to the SUV value. Another study by Okazumi et al. [70] in large patient population confirmed these data. In 2009 they evaluated 117 patients with malignant and benign soft tissue tumors and showed that the kinetic studying of 18 F-FDG-PET provides important clinical information regarding the histological grading and prognosis. In patients with soft-tissue sarcomas and receiving neoadjuvant chemotherapy Dimitrakopoulou-Strauss et al. [71] pointed out the role of kinetic analysis of PET in early prediction of therapy response. They considered the histopathologic response as reference and found that the combined use of SUV and influx lead to the highest accuracy in predicting therapy response.
Kinetic Analysis of PET Imaging in Prostate Cancer
As earlier mentioned the clinical use of 18 F-FDG-PET in PCA diagnostic is limited unless in PCA with high Gleason score. Imaging of tumor lipid metabolism such as choline-PET was introduced clinically as alternative choice for PCA diagnosis, since PCA is characterized by high levels of phospholopid metabolites.
To understand the kinetic model of choline and its clinical applications it may be important to know the molecular pathway of choline in the tumor cells. The first step of choline uptake in tumor cell is the transport across the cellular membrane through three kinds of transport system [72] . The entering choline will be phosphorylated via choline kinase. There are conflicting results about the contribution of choline transport and phosphorylation in the ultimate choline uptake. In the experimental studies it was suggested that the transport is the key factor in the uptake [2, 73] . In another study it was demonstrated that the phosphorylation mediated choline kinase is of significant role in increasing the intracellular trapping however at late time point [74] . Therefore, it is of importance to have a sufficient dynamic period to demonstrate the whole metabolic processes and to reveal truly the metabolic path of choline uptake.
The first study aimed at this purpose was carried out by Sutinen et al. in 2004 [3] . The researchers assessed the kinetics of the uptake of 11 C labeled choline in patients with histologically confirmed prostate cancer and benign prostatic hyperplasia after performing a dynamic emission acquisition for 30 min. They showed that the measured SUV is close correlated with kinetic influx constant, which in their opinion support the use of simple SUV in clinical setting. Moreover they showed that a high uptake of 11 Ccholine does not only characterize the prostate tumor but also hyperplastic prostatic tissue.
11 C labeled acetate is another tracer may be used in diagnosis of prostate cancer [75, 76] . In vitro as well as in vivo studies the acetate uptake was supposed to be related to the fatty acid synthesis [77] . It will be transported by monocarboxylate carriers before getting involving in further metabolic processes. As mentioned previously, 11 C-acetate can be used in HCC diagnosis; here the kinetic analysis was described by Chen et al. [50] . In 2008, Schiepers et al. [78] had studied for the first time the kinetic of 11 Cacetate in patients with primary prostate tumor and other with recurrent tumor after performing a 20 min acquisition phase and using standard two tissue model. They found significant differences between primary and recurrent cancer in the transport, influx and distribution volume. Moreover they found a high correlation between 11 C-acetate uptake in primary tumor and influx rate constant comparable to the results reported by Sutinen et al. in studying the kinetic of 11 C-choline. That in turn validates the clinical use of simple uptake measurements (SUV) in the routine practice. Ultimately the kinetic analysis of the tracer used in PCA diagnosis was of clinical value and extended the knowledge of the uptake mechanisms in the target tissue.
Conclusion
The need of an additional method to compensate the shortcomings of visual and semiquantitative assessment of PET findings has increased in the clinical routine of tumour diagnosis. The kinetic analysis of dynamic PET imaging with a more accurate assessment of changes in tumour metabolism has been shown to be effective in improving the diagnostic accuracy in many different types of cancer. Moreover, the appropriate therapy monitoring can be best achieved after considering the kinetic parameters.
The promising results shown in the literature indicate that the kinetic analysis will witness a great progress in the near future, so it can be applied routinely in tumour diagnosis. Thus the kinetic analysis of PET may become an essential element in the preclinical and clinical molecular imaging as well.
